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Abstract
A study to determine the total content of phenolic compounds, flavonoids and mass fraction of iodine in chocolate using non-tra-
ditional raw materials has been conducted. The object of the study was chocolate products, containing stevioside, erythrol, germinated 
soy flour, enriched with iodine. 
Carrying out this set of studies is important because it will determine the content of phenolic compounds, flavonoids and 
iodine in the developed chocolate. Based on the obtained patterns, it is possible to determine the percentage of satisfaction of the 
recommended daily requirement and to set the recommended amount of consumption of the developed product per day. 
As a result of research, it has been found, that the total content of phenolic compounds in the control type of chocolate per 198 
mg of GA/100 g of the initial raw material is less compared to the sample of chocolate, where non-traditional raw materials were used. 
The results of the study correlate with the results of determining the total content of flavonoids. The developed types of chocolate exceed 
control samples by 229 mg of C/100 g of the initial raw material. That satisfies 88.6% of the recommended daily amount. It has been 
found, that the developed type of chocolate is a carrier of iodine in the amount of 63 μg/100 g. In the control sample of chocolate there 
were found only traces of mass fraction of iodine. It has been determined, that the use of germinated soy flour, enriched with iodine in 
the amount of 10 %, due to the reduction of cocoa mass satisfies 42 % of the recommended daily amount of iodine for a woman aged 
30… 40 years of average labor intensity. 
The obtained results are useful and important because they will allow to develop recommendations for the consumption of 
chocolate using non-traditional raw materials. What will affect the solution of an important social problem - maintaining high effi-
ciency, confrontation with environmental factors under the pandemic due to the influx of test substances. 
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1. Introduction 
According to the forecasts of the world’s leading experts in the field of nutrition and med-
icine, the issue of developing technologies for special dietary products is quite acute and is 
relevant [1]. Modern research focuses on the production of specialized foods enriched with 
essential microelements [2, 3].
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Chocolate is a popular confectionery product among children and adults [4]. Research 
work [5] proves the positive properties of chocolate as a product for specialized nutrition due to 
the content of phenolic compounds and flavonoids. Deterioration of the human body is associated 
with the deterioration of its own antioxidant defense system. Deficiency of phenolic compounds, 
as substances that exhibit antioxidant properties, negatively affects the health of modern people, 
living in the metropolis, and people who need a special diet. 
Experimental studies [6] show that phenolic compounds and flavonoids are safe and neces-
sary for people with diabetes mellitus type II and endocrine disorders of various genesis. 
The question of studying the content of flavonoids and phenolic compounds in chocolate 
is little studied and relevant, therefore, the purpose of the experiment was to study the content of 
phenolic compounds, flavonoids and iodine in chocolate for a special dietary direction. 
A recipe for chocolate with natural sugar substitutes: stevioside and erythrol in combi-
nation with germinated soy f lour, enriched with iodine, has been developed at the Department 
of International E-Commerce and Hotel and Restaurant Business of Kharkiv National Univer-
sity named after V. N. Karazin. Chocolate, made with the above ingredients, was the subject 
of research.
2. Analysis of literary data and statement of the problem 
There are publications [7] about harmful effects of chocolate on human health. Chocolate 
consumption is linked to diseases, such as diabetes and obesity. With this in mind, many nutrition-
ists advise people with high blood sugar, or to lose weight, to exclude chocolate from their diet by 
replacing white sugar with natural or synthetic sugar substitutes. 
There is a well-known method of chocolate production [8], using rebaudioside A as a sweet-
ener. The difference between the proposed method of chocolate production from well-known ones 
is the increased content of whole milk powder (by 2 %) and the use of soy phosphatide concentrate. 
The disadvantage of the proposed technologies is that non-traditional food ingredients are consid-
ered in terms of only improving the structure-forming characteristics of chocolate products. Sci-
entists have paid little attention to increasing consumer value, as required by specialized products 
and principles of nutritiology. 
There is a well-known method of dietary milk chocolate production [9], using, in addi-
tion to the classic food ingredients, mare’s milk, roasted grated walnut kernels, dried fruits. 
The invention allows to obtain chocolate, which is a source of essential amino acids. The 
presence of dried fruit allows you to get chocolate with high levels of phenolic compounds 
and f lavonoids. However, the disadvantage of the proposed method of chocolate production is 
the partial content of white sugar and the lack of essential micronutrients, especially iodine. 
Almost 20 % of Europe’s population is in deficit of it. The antioxidant potential of new prod-
ucts has not been studied. One of the methods to overcome the above difficulties may be the 
use of non-traditional recipe ingredients, namely: germinated soy f lour, enriched with iodine, 
erythrol and stevioside. 
Given that chocolate is a popular confectionery product among children and adults and 
can take a worthy place in the diet of modern human, it is necessary to conduct research, aimed at 
studying the content of mass fraction of iodine, phenolic compounds and flavonoids. Consumption 
of chocolate with the use of non-traditional raw materials will solve an important social problem: to 
maintain high efficiency in the pandemic, to resist diseases and environmental factors. 
Purpose and objectives of the study. Study of the content of phenolic compounds, flavo-
noids, iodine in chocolate using non-traditional raw materials. To achieve this goal, the following 
tasks were set: 
– to investigate the total content of phenolic compounds; 
– to investigate the total content of flavonoids; 
– to investigate the content of mass fraction of iodine.
3. Materials and methods of the study
The recipe of the developed chocolate for specialized nutrition is shown in Table 1.
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Table 1
The recipe of the developed chocolate for specialized nutrition
Recipe ingredients Mass, kg (%)
Grated cocoa 700





Output, kg (%) 1000
A well-known recipe was used as a control one, the difference of which is the use of 710 kg (%) 
of grated cocoa and the exclusion of germinated soy flour, enriched with iodine, from the recipe. 
Characteristics of the used non-traditional recipe ingredients of raw materials. Erythrol is 
a polyhydric sugar alcohol, made from corn. The sweetness coefficient is 0.7, the energy value is 
0.02 kcal/gr. According to the FAO/WHO Committee, it is safe for human health. It is registered in 
the food industry as a food supplement, under the code E 968, [10]. Stevioside is a sugar substitute 
of natural origin. It is produced from the leaves of perennial herb «Stevia». Stevioside is registered 
in the food industry as a food supplement E 960, as a sweetener. Sweetness coefficient – 250. En-
ergy value – 1 kcal/g [11]. Sprouted soy flour, enriched with iodine [12].
3. 1. Study of the total content of flavonoids 
The flavonoid content was determined spectrophotometrically on a Lambda 35 UV/VIS spec-
trophotometer ”(USA). The absorption spectrum was taken at a wavelength of 510 nm in a cuvette 
with a liquid layer thickness of 10 mm. Distilled water was placed in the reference cuvette. The cal-
culation of flavonoids in mg of catechin (C)/100 g of product was performed on a calibration curve.
3. 2. Study of the total content of phenolic substances
The studies were performed by the colorimetric method to determine the total content of phe-
nolic substances using Folin’s reagent. 0.25 ml of a 50 % aqueous solution of Folin’s reagent, 0.50 ml 
of saturated sodium carbonate solution and 4.00 ml of distilled water were added to sterile 0.25 ml 
tubes with 0.1 mg/cm3 chocolate extract. 0.25 ml of distilled water was added to the control sample 
instead of chocolate extract. The mixture was kept for 25 min at 25 °C with constant stirring to com-
plete the reaction. The samples were centrifuged for 10 minutes at a speed of 2,000 rpm The content 
of phenolic substances in a clear solution of chocolate extract was determined by the spectrophoto-
metric method using a spectrophotometer “Lambda 35 UV/VIS” (USA). The absorption spectrum 
was taken at a wavelength of 725 nm in a cuvette with a liquid layer thickness of 10 mm.
3. 3. Study of the iodine mass fraction 
The mass fraction of iodine was determined using a voltammetric analyzer «AVA-2» (Russia), 
which is equipped with an indicator electrode, auxiliary electrode, type comparison electrode. A portion 
of the sample was treated with a solution of potassium hydroxide, burned on an electric stove, then using 
a system for microwave ashing «PHOENIX» (Daewoo, China). The resulting ash was mixed in water, 
neutralized to pH 4… 6, centrifuged. The resulting mass was added to an electrochemical cup with a 
background solution and measured. According to the results, the mass fraction of iodine was calculated.
4. Research results and their discussion 
The results of the study of the total content of phenolic compounds, flavonoids and the mass 
fraction of iodine in chocolate are shown in Table. 2.
Analyzing the experimental studies, it can be stated, that the total content of phenolic com-
pounds in the control type of chocolate per 198 mg of GA/100 g of the product is less compared 
to the sample of chocolate, where non-traditional raw materials were used. It is known [14], that 
phenolic compounds in the body are not synthesized, but come with plant foods and are included in 
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the composition – adrenaline, thyroxine, serotonin. Scientists believe [15] that the total content of 
phenols is a determining indicator of the level of antioxidant activity of food systems. According to 
literature data [16], germinated soy flour has a high content of phenols, so it is possible to assume 
that due to its content the content of phenols in the test sample of chocolate increases. 
Table 2
The total content of phenolic compounds, flavonoids and the mass fraction of iodine in chocolate  
Studied parameter Recommended daily amount Control Experiment
Phenolic compounds, mg of gallic acid/ 100 g of the initial raw material ≤1000 998±0.4 1196±0.4
Flavonoids, mg of catethin/100 g of the initial raw material ≤500 214±0.4 443±0.3
Mass fraction of iodine, mcg/100 g 150 traces 63±0.2
Note* The recommended daily amount for a woman aged 30… 40 years of medium labor intensity, according to the source [13].
The obtained results correlate with the results of determining the total content of flavonoids. The 
developed types of chocolate exceed control samples by 229 mg of C/100 g of the initial raw material. 
That satisfies 88.6 % of the recommended daily amount. It is known, that f lavonoids 
depending on the degree of oxidation of the propane fragment are divided into catechins, an-
thocyanins, chalcones, f lavanones, f lavones, f lavonols. Which have a wide range of biological 
activity on the human body due to the fact that they participate in redox processes. Performing 
the antioxidant function, they show P-vitamin activity, choleretic, antispasmodic, diuretic, hy-
poglycemic, sedative, estrogenic action. Scientists who have studied berries and germinated 
grains have found that they contain a significant amount of catechins, anthocyanins and f la-
vnones. 
The developed type of chocolate is a carrier of 63 μg/100 g of iodine. It satisfies 42 % of the rec-
ommended daily amount, as required by the principles of nutritiology. Chocolate is enriched with iodine 
due to the fact that sprouted soy flour is a carrier of iodine. Analyzing the research results, the recom-
mended amount of consumption of the developed chocolate, which is 100 g per day, was determined. 
When consuming this amount, the human body will receive 20… 60 % of the daily require-
ment for the studied substances. 
The prospect of further research is to study the antiradical activity of the developed choco-
late with a content of 10 % germinated soy flour, enriched with iodine; because radicals are highly 
reactive substances that lead to cell mutations or death.
5. Conclusions
1. The total content of phenolic compounds has been studied. It has been found, that the con-
trol sample of chocolate is a carrier of 998 mg of GA/100 g, and the test sample exceeds this amount 
by 198 mg of GA/100 g of the initial raw material. This is 1196 mg of HA/100 g of the product.
 It has been substantiated, that the use of germinated soy flour, enriched with iodine, in the 
amount of 10 % due to the reduction of cocoa mass increases the total content of phenolic com-
pounds, which is an indicator of increased levels of antioxidant activity. 
2. The total content of flavonoids has been studied. It has been found, that the control sample 
of chocolate is a carrier of 214 μg of C/100 g of the initial raw material, and the test sample exceeds 
this amount by 229 mg of C/100 g, and is 443 mg of HA/100 g of the initial raw material. 
The use of germinated soy flour, enriched with iodine, in the amount of 10 % provides a 
supply of flavonoids to the human body by 45.8 % more than the control. 
3. The content of mass fraction of iodine has been investigated. It has been found, that the 
developed type of chocolate is a carrier of iodine in the amount of 63 μg/100 g. Only traces of mass 
fraction of iodine were found in the control sample of chocolate. It has been determined, that the 
use of germinated soy flour, enriched with iodine, in the amount of 10 % due to the reduction of 
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